Introduction
Approximately 1.5 million patients worldwide have had metal-on-metal (MOM) arthroplasties implanted since 1996.
1 Unfortunately, they have high failure rates due to adverse tissue reactions in the periprosthetic tissues. 2, 3 Ultrasound can detect these problems 4e6 and, therefore, has been recommended by health regulatory guidelines 7 on the clinical management of MOM hips. Solid or cystic periprosthetic soft-tissue lesions, termed pseudotumours, and musculotendinous damage are commonly found around MOM hip implants. They are often associated with pain, loss of function, and ultimately in a higher incidence of revision surgery. 8 Cross-sectional imaging is useful to determine the aetiology of symptoms, 9 assess the extent of the lesion, and inform the decision to revise. 10 Metal artefact reduction sequence (MARS) magnetic resonance imaging (MRI) is a sensitive tool for detection of pseudotumours and muscle atrophy. However, even with optimized imaging protocols, the interface immediately adjacent to the prosthesis can be obscured by artefact. It is a recognized limitation that small pseudotumours or joint effusions in this area may be missed at MARS MRI; however, the frequency of this and its clinical significance has not been well described in the literature. 8, 11 Unlike MRI, ultrasound does not cause metal artefact and may prove a useful alternative in patients where MARS MRI is poorly tolerated, contraindicated, or unavailable. Ultrasound is an established technique for detection of pseudotumours, tendinous abnormality, joint effusions, extraarticular fluid collections, 12 and can be used to assess muscle atrophy. 13 However, a systematic methodology for obtaining optimal results and an imaging spectrum for reference have not been published. The authors present a systematic method using ultrasound to examine the periprosthetic tissues of patients with a MOM hip arthroplasty and provide reference imaging of the typical pathological and normal findings.
Materials and methods
Ultrasound examinations were performed individually by two consultant musculoskeletal (MSK) radiologists. The Toshiba Aplio A500 Ultrasound System (Toshiba Medical Systems, Zoetermeer, The Netherlands) was used with an 18 or 9 MHz linear transducer, in both the longitudinal and transverse planes, and where appropriate, the highest possible frequency was applied to provide adequate penetration. Lower frequencies were used depending on patient habitus, including a convex transducer (2e5 MHz), to improve penetration during posterior imaging.
Patients
Ethical approval was granted by the local ethics committee (Riverside Ethics Committee; COREC 09/H0711/3) and informed consent was obtained from all participating patients. 
Ultrasound examination protocol
Anterior, lateral, and posterior ultrasound scans were conducted for both hips. 15 The presence or absence of pseudotumours, joint effusions, muscle atrophy, and tendon defects were reported at the time of scanning, using a custom proforma (Supplementary Material Appendix A). The presence of a coxo-femoral joint effusion was defined as a distance greater than 4 mm, 16 measured anterior at the neck of the femur or prosthesis. Lesions were defined by location (anterior, posterior, medial or lateral), classification (1, 2, or 3; see Table 1 ) and size (in anterioreposterior, medialelateral, and cranialecaudal planes). Here, any solid or cystic lesion associated with the MOM prosthesis was defined as a pseudotumour. The surrounding soft tissues were fully visualized in all three positions to identify the presence of pseudotumours. Both hips were examined for a comparative assessment of muscle atrophy in iliopsoas, gluteus medius, and gluteus minimus muscles as compared to the contralateral side. Muscle atrophy was graded according to a published system 17 on a scale from 0 (no change) to 3 (up to 70% size reduction with marked fatty replacement; Table 1 ). Tendon diameter (normal or thin), character (hyperechoic, normal or hypoechoic), and presence of ossification were additionally reported. A pictorial overview of the examination procedure is shown in Fig 1. 
Anterior examination
The anterior hip joint was scanned with the patient in the supine position, with mild external rotation at the hip. The anterior synovial recess was identified by placing the transducer in a longitudinal plane parallel to the long axis of the femur and oblique to the femoral neck. The joint space was measured. Scans in the longitudinal and axial planes were used to examine the iliopsoas muscle, tendon, and bursa. 
Lateral examination
The lateral hip joint was scanned, with the patient in the lateral decubitus position. Longitudinal and axial scans around the greater trochanter were used to assess the trochanteric bursa for fluid collection and the tendinous attachment of the gluteus medius and minimus muscles. The gluteal muscle bulk was assessed for atrophy using the midpoint position of the muscle to record diameter.
Posterior examination
Posterior examination of the hip was conducted with the patient in the prone position to assess the presence of posterior pseudotumours, using axial and longitudinal scans. Lower frequency transducers were used to obtain adequate penetration through the superficial tissue and gluteus maximus muscle bulk. The posterior joint was visualized by placing the probe posterior to the greater trochanter. 4 
Results

Pseudotumours
Solid or cystic soft-tissue lesions were observed adjacent to MOM hip prostheses and were identified as a cause of unexplained pain following conventional examination and radiography. 8 The term "pseudo-" has been prefixed to these lesions because they do not display features suggestive for malignancy. 4 Pseudotumour has been used in the literature to describe a range of local tissue reactions from synovitis 18 and bursitis, 19 to muscle-destroying solid lesions and lesions associated with periprosthetic osteolysis. 20 Lesions display characteristic histological findings, reported as aseptic lymphocyte-dominated vasculitis associated lesions (ALVAL). 21 Pseudotumours can be differentiated using ultrasound by their solid or fluid echo-texture, providing useful prognostic information. Solid lesions are associated with a poor clinical outcome, even after the prosthesis has been removed. 22, 23 Pseudotumours were classified on ultrasound in a similar manner to that previously developed for MARS MRI (Fig 2) . 11, 23 Thus, a type 1 pseudotumour was a cystic lesion with a thin, regular wall and a simple internal fluid echotexture; a type 2 pseudotumour was a cystic lesion often with an irregular, thickened wall and abnormal internal fluid echo-texture due to the appearance of metal debris (Fig 7) ; and a type 3 pseudotumour was a complex lesion with a solid internal echo-texture (Fig 8) . In the authors' experience, type 1 lesions often represent isolated fluid collections within the trochanteric bursa, as seen during trochanteric bursitis, whereas type 2 lesions are complex in nature and can often communicate with the joint space. It is important to note the presence of metal debris, which can be distinguishable as small dynamic hyperechoic particular material within the fluid.
Joint effusion
A joint effusion was observed as the displacement of the anterior cortex of the joint neocapsule at the femoral neck, with hypoechoic or anechoic fluid collection (Fig 3c) . Effusions due to synovitis may be aseptic or septic in nature. Aseptic synovitis can be due to metal particle disease; however, it is difficult to discriminate this from a septic cause. 12 Ultrasound-guided fluid aspiration and culture can determine whether the joint is infected and this influences the surgical technique used during revision; a two-stage revision procedure maybe used to initially eliminate infection.
Musculotendinous disease
The hip abductors, gluteus medius and minimus, are essential for normal gait and mobility. They are often atrophied in patients with painful MOM hips and may present a non-specific marker of hip disease. 8 Ultrasound can easily differentiate between the hypoechoic pinnate structure of normal skeletal muscle and infiltrating hyperechoic fibro-adipose tissue. When associated with a decrease in muscle diameter, this diffuse echogenicity has been used as a reliable indicator of muscle atrophy. 13 The grading system (Fig 4) illustrates the successive loss of hip abductor muscle architecture and size as compared to the contralateral hip. Tendinosis of the abductor tendons can be seen using ultrasound as tendon thickening and hypoechogenicity (Fig 5b) . During calcific tendinosis (Fig 5c) addition hyperechoic calcium deposition may be detected. 12 Complete retraction of these tendons from the greater trochanter would suggest tendinous avulsion, with or without associated hypoechoic or anechoic fluid replacement. Abductor tendon avulsion is often a consequence of the lateral surgical approach, which involves retraction of the tendons to allow access to the joint. Tendon defects can often manifest as muscular insufficiency, lateral pain, and limping on clinical examination. 24 The iliopsoas tendon is evaluated during the anterior examination, where iliopsoas tendinosis can be observed with features of tendon thickening and hypoechogenicity (Fig 6b) . Severe tendon erosions can manifest as a paradoxical thin or normal-sized tendon, as a result of acetabular component misalignment and impingement. 25 
Discussion
The method of ultrasound scanning presented in this paper used an optimized technique to examine the periprosthetic tissues of MOM hip arthroplasties. The method can be routinely applied within clinical practice. The method was developed to focus on the most common lesions seen with MOM hips, including metal particle disease and unexplained hip pain. However, the thorough ultrasound examination needed to screen for pseudotumours enables synchronous identification of a wide range of other soft-tissue hip disease entities. The method can also be easily applied to hips with other bearing materials (such as metal-on-polyethylene), and enables consensus reporting, which will aid communication between radiologists and between radiologists and surgeons.
As previously suggested, ultrasound is a convenient method for the screening of a large number of patients and can be used during the initial screening of MOM patients for pseudotumours. 6 The classification system defined in this paper was based on established MARS MRI systems and can allow for direct comparison between the two techniques. This is particularly useful for patients in which MARS MRI maybe contraindicated, for example, patients with incompatible metallic implants.
Ultrasound is an operator-dependant technique and is, therefore, limited by interobserver and intra-observer variability. However, an experienced musculoskeletal radiologist should perform the examination to improve reliability.
Additionally, the accuracy of muscle and tendon diameter maybe limited in the absence of a normal anatomical reference for comparison. This is particularly important in patients with bilateral hip replacements during which the contralateral hip may have additional abnormalities.
Nishii et al. 16 highlighted the difficulties in wave penetration during scanning of the posterior joint. The spatial resolution of ultrasound images diminish with depth and, although this effect can be reduced using a lower frequency transducer to improve penetration, it is still often difficult to fully appreciate deeper structures. Therefore, smaller lesions are likely to be missed, particularly during posterior scanning, whereby the large muscle bulk of the gluteus maximus and subcutaneous tissue may obscure view. 16 In the present report, an optimized and systematic examination protocol is presented, which highlights the value of ultrasound and illustrates the common lesions found in patients with painful MOM hip prostheses. This knowledge is necessary to optimize reporting and improve decisionmaking for diagnostic radiologists and clinicians. 
